Introduction
The National Water-Quality Assessment (NAWQA) Program of the U.S. Geological Survey (USGS) characterized the occurrence of 277 organic compounds in source water (stream water collected before treatment) and finished water (treated water before distribution) from the White River North treatment plant, one of several community water systems that use the White River as its primary water supply ( fig. 1 ). Samples were collected at least monthly during 2002-05 and included 30 source-and 13 finished-water samples. The samples were analyzed for pesticides and selected pesticide degradates (or "breakdown products), solvents, gasoline hydrocarbons, disinfection by-products, personal-care and domestic-use products, and other organic compounds.
Community water systems are required to monitor for compounds regulated under the Safe Drinking Water Act. Most of the compounds tested in this study are not regulated under U.S. Environmental Protection Agency (USEPA) federal drinking-water standards (U.S. Environmental Protection Agency, 2007a). The White River study is part of the ongoing Source Water-Quality Assessment (SWQA) investigation of community water systems that withdraw from rivers across the United States. More detailed information and references on the samplingdesign methodology, specific compounds monitored, and the national study are described by Carter and others (2007) .
Occurrence of Organic Compounds in Source Water
About one-third of the 277 compounds were detected at least once in source-water samples. These compounds represent many different sources and uses and include herbicides, insecticides, fungicides, manufacturing additives, disinfection by-products, solvents, gasoline hydrocarbons, and personal-care products. Eleven compounds were detected year-round in source water, the majority of which are commonly used herbicides in the White River Basin.
Organic compounds studied in this U.S. Geological Survey assessment generally are man-made, including, in part, pesticides, solvents, gasoline hydrocarbons, personal-care and domestic-use products, disinfection by-products, and Recent advances in laboratory analytical methods have led to detections of a wide variety of contaminants in the environment at lower concentrations than previously detectable (see inset). Ninetyseven of the 277 compounds tested were detected in at least 1 sourcewater sample from the White River; 180 compounds were not detected in any source-water sample (Carter and others, 2007; Kingsbury and others, 2008) .
Forty-six compounds were detected in at least 20 percent of the source-water samples (defined in this study as "commonly detected;" table 1). Compounds commonly detected in source-water samples from the White River correspond to those previously detected in water-quality assessments of the watershed (Carter and others, 1995) and across the Nation (Gilliom and others, 2006) .
Eleven compounds were detected year-round in more than 95 percent of source-water samples. The continuous occurrence may be attributed to groundwater discharge and (or) treated-wastewater discharge from municipalities located upstream (Kingsbury and others, 2008) . Nine of the 11 compounds detected year-round were herbicides (atrazine, metolachlor, prometon, and simazine) or herbicide degradates (acetochlor ESA, metolachlor ESA, metolachlor OA, 2-hydroxyatrazine, and deethylatrazine (DIA)). Herbicides are used for weed control on row crops and in urban and residential areas in the White River Basin and across the Nation (Carter and others, 1995; Gilliom and others, 2006) . The White River Basin, located in the corn-belt region of the Midwest and heavily used for row-crop agriculture, has some of the highest herbicide-application rates in the Nation (Gilliom and others, 2006) . Correspondingly, the highest concentrations of atrazine from nine community water systems, sampled as part of the first phase of the SWQA study, were found in the White River Basin (Kingsbury and others, 2008) . cis-1,2-Dichloroethene (a solvent) and chloroform (a disinfection by-product) also were detected in at least 95 percent of samples.
Comparisons Between Source and Finished Water
About two-thirds of the compounds commonly detected in source water also were commonly detected in finished water, and generally at similar concentrations.
Comparisons between source water and finished water are not intended to characterize treatment efficacy, but to provide a preliminary indication of the potential importance of compounds found in source water to the quality of finished water prior to distribution (see inset).
Thirty of the 46 compounds commonly detected in source water also were commonly detected in finished water, often at similar low concentrations ( fig. 2 ). Seven herbicides and herbicide degradates (atrazine, 2-hydroxyatrazine, deethylatrazine, metolachlor, metolachlor ESA, metolachlor OA, and simazine), a solvent (cis-1,2,-dichloroethene), and a disinfection by-product (chloroform) were detected year-round in both source-and finished-water samples. Compounds commonly detected in source-water samples, but not in finished-water samples, likely were degraded or altered during water treatment as a result of transformation, volatilization, sorption, or sedimentation (Kingsbury and others, 2008) . Table 1 . A total of 50 of the 277 organic compounds were detected in at least 20 percent of source water and (or) finished water samples.
[Black text, compounds detected in at least 20 percent of source-and finished-water samples; orange text, compounds detected in at least 20 percent of source-water samples only; blue text, compounds detected in at least 20 percent of finished-water samples only; ESA, ethane sulfonic acid; SAA, sulfynilacetic acid; OA, oxanilic acid; HHCB, hexadydrohexamethyl cyclopentabenzopyran]
Herbicides and herbicide degradates
Disinfection by-products Typically, compounds present in finished-water samples were detected somewhat less frequently and at lower concentrations than in source-water samples; however, four compounds (bromoform, dibromochloromethane, carbon tetrachloride, and m-and p-xylene) were commonly detected in finished water and not in source water. Higher detection frequencies and concentrations of disinfection by-products such as bromoform, dibromochloromethane, bromodichloromethane, and chloroform in finished-water samples is an expected outcome of the drinking-water disinfection process (Ivahnenko and Barbash, 2004; Ivahnenko and Zogorski, 2006) . All paired samples collected at the White River North treatment plant exhibited higher detection frequencies and concentrations of disinfection by-products (often an order of magnitude greater) in finished-water samples than in source-water samples. Detection frequencies of carbon tetrachloride (a by-product of chemical plants and industrial activity) and m-and p-xylene (a byproduct of petroleum and chemical factories) were only slightly higher than those found in source water.
A Closer Look at Agricultural Herbicides and Degradates
Detections and concentrations of commonly used herbicides and their degradates are similar in source water and finished water. The occurrence and concentrations of degradate compounds compared to their respective parent compounds varies by compound, as a result of differing chemical properties, use, and hydrologic pathways.
The herbicides atrazine and metolachlor and their respective degradates are highlighted here because of their frequent detection in this study as well as nationally. Both atrazine and metolachlor and their degradates (hydroxyatrazine, deethylatrazine, metolachlor ESA, and metolachlor OA) were detected in 100 percent of source-and finishedwater samples at the White River North treatment plant. Concentrations of herbicides often were lower in finished-water samples than in corresponding source-water samples ( fig. 2) . Concentrations of herbicide compounds were seasonally high during spring and early summer application periods, and highest concentrations were associated with runoff during this timeframe.
Summed concentrations of degradate compounds often are similar to or greater than parent herbicide concentrations. Source-and finished-water samples collected at the White River North treatment plant consistently showed that summed concentrations of metolachlor degradates were an order of magnitude greater than the parent concentration. Conversely, summed concentrations of atrazine degradates were less than concentrations of atrazine. Atrazine is chemically more stable, allowing it to persist longer in the hydrologic system than metolachlor, which tends to break down more quickly in the soil zone (Gilliom and others, 2006) .
Transformation from parent herbicide to degradate compounds may result in conversion to less toxic compounds, but some degradates have toxicities that are similar to, or greater than, that of the parent pesticide (Gilliom and others, 2006) . Therefore, understanding the occurrence of herbicide degradate compounds may be as important as characterizing the occurrence of the parent compound in sources of drinking water. Figure 2 . Thirty of the 46 compounds commonly detected in source water also were commonly detected in finished water, often at similar concentrations. Some compounds commonly detected in source water were removed or transformed and therefore were not detected in finished water (horizontal x-axis). Other compounds were detected only in finished water (vertical y-axis). (Kingsbury and others, 2008) . Some compounds detected in source water may have been transformed during the treatment process into compounds that were not monitored as part of this study.
The sampling design and resulting comparisons in this study are not intended to characterize treatment efficacy, but to provide a preliminary indication of the potential importance of compounds detected in source water to the quality of finished water before distribution. In general, conventional treatment was not specifically designed to remove most of the organic compounds monitored in this study.
Human-Health Benchmarks Used in this Study

Concentrations of regulated compounds were compared to USEPA maximum contaminant levels (MCLs), and concentrations of unregulated compounds that have USEPA-published toxicity information were compared to USGS health-based screening levels (HBSLs)
Results in a Human-Health Context
Although concentrations in source and finished water generally were below 0.1 microgram per liter, 37 compounds exceeded this threshold in at least 1 sample. Three compounds were detected at concentrations greater than human-health benchmarks in at least one source-water sample; however, human-health benchmarks are only available for about one-half of the detected compounds. Human-health standards in the finished water are based on average annual concentrations and were not exceeded.
The type of conventional water treatment used by this community water system (typical of many systems across the Nation) is not specifically designed to remove most organic compounds found in the source water. However, concentrations found in the source water generally were less than 0.1 microgram per liter (µg/L). For perspective, reporting limits for public drinking water commonly are set through Federal regulations at 0.5 µg/L, and water utilities generally are not required to measure below this limit.
Concentrations of 37 compounds that were commonly detected in source or finished water, or both (table 1), were greater than 0.1 µg/L in at least one sample (table 2) . Human-health benchmarks are not available for 16 of the 37 compounds commonly detected with concentrations greater than 0.1 µg/L. Three compounds were detected at concentrations greater than human-health benchmarks in at least one sample-atrazine, acetochlor, and dieldrin. Although instantaneous high concentrations of contaminants in source water and finished water indicate the potential for temporarily elevated concentrations of contaminants in drinking water, they do not represent a violation of human-health standards, which are based on the average annual concentration. Atrazine was detected in 100 percent of source-and finished-water samples. During this 2-year study, atrazine was detected in five source-water samples and one finished-water sample at concentrations exceeding the USEPA MCL drinking-water standard, with maximum concentrations of 20.1 and 5 µg/L, respectively, in source water during the first and second year of sampling. The average annual concentrations of atrazine in source water and finished water, 1.01 and 0.72 µg/L, respectively, were below human-health benchmarks. Acetochlor was detected in nearly all source-water samples and approximately 70 percent of finishedwater samples; however, most detections of acetochlor were less than 0.1 µg/L. Only one detection of acetochlor in source water exceeded the USGS HBSL for drinking water. Dieldrin is a bioaccumulative contaminant (moves up the food chain), which was banned by the USEPA in 1987 (U.S. Environmental Protection Agency, 2010). Dieldrin was detected at low concentrations in two source-water samples. In both samples, dieldrin exceeded the HBSL concentration of 0.002 µg/L (see inset). Dieldrin is not included in table 2 because it was not commonly detected.
( Toccalino and others, 2007 Three compounds (simazine in source water and bromodichloromethane and chloroform in finished water) were detected at concentrations less than human-health benchmarks, but within a factor of 10 of the USEPA MCL or the USGS HBSL (table 2) in individual samples. While community water systems regularly monitor these compounds in the finished water, their detection in greater than 20 percent of source-water samples and at concentrations within a factor of 10 of human-health benchmarks may warrant their consideration in a low concentration, trends monitoring study. Human-health benchmarks are developed for individual compounds; however, mixtures of two or more compounds were present in most samples. The median number of compounds in source-water samples at the White River was 29. This result is similar to findings at comparable community water systems sampled as part of the SWQA study having a large amount of agricultural or urban land in the watershed (Kingsbury and others, 2008) . The potential human-health effects of mixtures of co-occurring organic compounds are largely unknown and have not been extensively studied. Continued research is needed because human-health benchmarks are based on toxicity data for individual compounds, and the additive or synergistic effects of mixtures of compounds at low concentrations are not well understood (Gilliom and others, 2006) .
White River Findings in a National Context and Implications
Several of the compounds detected in the White River (tables 1 and 2) are among the most commonly detected in ambient stream water and groundwater across the Nation (Gilliom and others, 2006; Zogorski and others, 2006) . The occurrence and annual average concentrations of many compounds detected in source-and finished-water samples from the White River were considerably higher than those detected at Table 2 . Thirty-seven compounds that were commonly detected in source and (or) finished water had concentrations greater than 0.1 micrograms per liter. One sample of atrazine had a concentration that exceeded human-health benchmarks in the finished water. Instantaneous high concentrations of atrazine in the finished water do not represent a violation of the standard, which is based on the average annual concentration. other community water systems sampled by the USGS SWQA of rivers that have upstream wastewater facilities and drain considerable agricultural and urban land (Kingsbury and others, 2008) . Continued research of contaminant sources, transport mechanisms, trends, and fate in the environment is needed.
The USGS will continue to collaborate with and complement the work of other Federal, State, and local organizations to better understand and communicate the relevance of organic compounds detected in untreated source water and treated finished water and possible implications for human health and the environment.
Future needs include the following:
• Increased emphasis on watershed management and source-water protection strategies to help minimize the sources and transport of compounds to source water and ultimately to finished water.
• Continued research to enhance toxicity information for commonly occurring unregulated compounds and mixtures that are commonly detected in source and finished water.
• Current and future monitoring and assessment to identify compounds not typically monitored in source water but commonly present in finished water, which may ultimately identify or lead to the development of treatment technologies for their removal.
